Biological studies of Pseudomonas tumefaciens Sm & Town and fifteen related non-pathogenic organisms by Patel, M. K.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1929
Biological studies of Pseudomonas tumefaciens Sm
& Town and fifteen related non-pathogenic
organisms
M. K. Patel
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Microbiology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Patel, M. K., "Biological studies of Pseudomonas tumefaciens Sm & Town and fifteen related non-pathogenic organisms " (1929).
Retrospective Theses and Dissertations. 14266.
https://lib.dr.iastate.edu/rtd/14266
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event t '^iat the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overiaps. 
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600 
UMI' 

NOTE TO USERS 
This reproduction is the best copy available. 
UMl* 

IOWA STATE COLLEGE OF AGEICULTUBE 
AND MECHANIC AETS 
Doctoral Thesis No. SO 
BIOLOGICAL STUDIES: OF PSEUDOMONAS TUMEFACIENS 
SI^L & TOW. AND FIFTEEN RELATED NON-PATHOGENIC 
A DISSERTATION 
Submitted to the Graduate Faculty 
ia Candidacy for the Degree of 
DOCTOR OF PHILOSOPHY 
•• / By' 
M. K PATEL 
Eeprinted from loiva State College Journal of Science, VoL m. No. 3, pp. 271-298. 
UMI Number: DP14513 
UMI 
UMI Microform DP14513 
Copyright 2006 by ProQuest information and Learning Company. 
Ail rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
Reprinted from 
lo-vva State College Journal of Science 
Vol. Ill, No. 3, 1929. pp. 271-298 
BIOLOGICAL STUDIES OF PSEUDOMONAS TUMEFACIENS 
SM. & TOWN. AND FIFTEEN RELATED NON-PATHOGENIC 
ORGANISMS^ 
M. K. PATEL** 
From the Department of Botany, Iowa State College.' 
Accepted for publication April 23, 1929. . 
INTRODUCTION 
Riker and Keitt (21), in theii' isolation studies in 1925 on 175 piece-
root grafted apple trees with overgrowths at the union, failed to obtain 
an organism which would produce ero^vn gall when inoculated into tomato 
plants. Later, the same investigators (22) (23), extending their isolation 
trials to include 227 trees similarly affected, were able to recover Pseudo-
monas Umefaciens Sm. and Towti. from less than two per cent of the sped-" 
mens. In isolation trials made by Muncie (15) (16) in 1925 and 1926 on 
piece-root grafted nursery apple trees, showing the typical "wooly knot" 
type of overgro-\\'th at the union, the cro^^^l gall organism was recovered 
from 23 of the 196 trees tested. 
Further isolation trials were made by Riker and Keitt (24) on 180 
apple trees similar to those employed in their preceding studies. Of this 
lot, 24 trees showed characters of both wound overgrowth and crown gall. 
Ps. tumefaciens was recovered from 21 of the trees studied. 
It is significant to note that these investigators were unable, in a 
majority, of cases, to recover Ps. tumefaciens from the "woolly knot" type 
of overgrowth at the union. However, they obtained many bacterial colo­
nies closely resembling Ps. tumefaciens, which upon inoculation into to­
mato plants and other hosts, failed to produce crown gaU. 
The data presented by Muncie (15) show that organisms, non-patho­
genic on tomato, but closely resembling Ps. tumefaciens were obtained from 
77 of the 196 trees used in isolation trials. Riker and Keitt (24) also ob­
tained from the interior of certain wound overgrowths, organisms which 
produced colonies on agar plates resembling those of the croAvn gall bac­
teria. These organisms failed to produce infection on tomato (Lycopersicon 
escxdentum Mill.), geranium {Pelargonium lioriorum Bailey), tobacco 
*A thesis submitted to the Graduate Eaculty of the Iowa State College in partial ful­
fillment of the requirements for the degree Doctor of Philosophy. 
**The writer wishes to-acknowledge his indebtedness to Dr. I. E. .Melhus, under whose 
direction this work was done, for helpful criticism and suggestions received 
throughout the course of these investigations. He is also indebted to Dr. J. H. 
Muncie for critically reading the manuscript. 
These studies have been carried out in connection with the crown gall project 
in which the Crop Protection Institute of the National Research Council, University 
of Wisconsin, U. S. Department of Agriculture, Office of Mycology and Dis­
ease Survey, and Iowa State College are cooperating. 
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(Nicotiana tabaciim L.) and apple (Pyrus nialus L.) and were regarded 
by them as soil bacteria which survived in the convolutions of the tissues 
of the wound overgrowths. That such organisms exist in association with 
galls has been repeatedly shown by Smith, Bro-im, and Townsend (28), 
who, in many eases, were unable to obtain infection from organisms closely 
resembling Pseudomonas tumefaciens taken from' overgro-\vths on young 
apple trees. 
These findings raised the question as to the origin of the overgroAvths 
at the union of the piece-root grafted apple trees and that of the signifi­
cance of the organisms resembling Ps. tumefacietis taken from these mal­
formations. It is proposed in this paper to present the results of bio­
logical studies involving 15 non-pathogenic organisms obtained in isolation 
trials upon some 200 overgrowths of the "wooUy knot" type on piece-root 
grafted young apple trees. These studies include a comparison of the 
morphology, pathogenicity, cultural and chemical and serological agglu­
tination reactions of the 15 organisms Avith those of different strains of 
Ps. tumefaciens of known virulence. 
SOURCE OF THE CULTURES EMPLOYED 
The 15 non-pathogenic cultures used in this study were supplied by 
Dr. J. H. Muneie, of this laboratory. With tAvo exceptions, they were ob­
tained while making isolations from overgrowths on nursery stock. The 
following descriptions, supplied by Dr. Muneie, are summarized in table 1. 
TABLE 1. Description of the 15 non-pathogenic orgfanisms used in cultural studies. 
Diagnosis of overgrowths 
Culture Host Crovm Callus Hairy 
number plant gall knot knot Where collected 
lo Bean ? Iowa 
27 Apple -F 77 
33 Peach + " Tennessee 
43 Apple + Nebraska 
50 }> + 77 
98. + New York 
116 + Missouri 
119 }y + 77 
121 jj + 77 
123 j- 37 
130 7} + Indiana 
133 ff + Iowa 
139 97 + >3 
162 }f + ' Missouri 
174 yj + Iowa 
1080* ' Almond California 
*Culture number 1080 -was obtained through the courtesy of Prof. C. 0. Smith, Graduate 
School of Tropical Agriculture and Citrus Experiment Station, Eiverside, California. 
MORPHOLOaiCAL AND CULTURAL STUDIES 
The morphology of the 15 non-pathogenic organisms and one patho­
genic strain (R) of the cro^vn gall organism isolated from raspberry was 
studied in 24 hour cultures gro%vn on neutral potato dextrose agar at room 
temperature. Baggett's method was used in making the G-rajn stain. A 
24 hour culture of BacHliis subtUis (Ehr.) Cohn was used for comparative 
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purposes. "Witli the exception of B. suhtilis all the organisms tested proved 
to be gram negative. The oi-ganisms were readily stained with eaz'bol 
fuehsin, methylene blue and gentian violet. They were found to be non-
ehromogenic and non-acid fast. Morphologically, the non-pathog-enic or­
ganisms were indistinguishable frqm Pseudomonas iumefaciens. Involu­
tion forms were found in all old cultures except number 15 and Bacillus 
suhtilis. Motility was studied, using the Hasse method. Duplicate tests 
showed all foi-ms to be motile. Microscopic examination by the hanging 
drop method also showed that all the organisms were motile. The piotility 
of these organisms was also demonstrated by staining the flagella by Van 
Ermengem's method. The organisms were found to be motile by uni-polar 
flagella, usually only one, occasionally two and rarely three. Brooks, Nain 
and Rhodes (3) report three strains of Pseudomonas tumefacietis which 
were non-motile. 
All the organisms were short, slender rods. They were mostly single, 
sometimes in chains of twos or threes, but never more. With the exception 
of Bacillus suhtilis, none of the organisms showed spore formation. Ten 
representative organisms of each strain were measured accurately. The 
range of variations in the entire group was 0.5 to 2.5x0.3 to 0.6/i (table 7). 
It should be stated that Rosen (26), Le\dne (12), Walkden (30), Riker 
(19) and Smith and his co-workers (28) also have noted slight morpho­
logical and physiological differences in the crown gall pathogens with 
which they worked. 
CTJLTUEAL CHAEACTEKS 
On agar poured plates. On poured plates of neutral beef agar, the 
small, circular, white, almost flat colonies appear within 48 hours. The 
agar remains unchanged and no odor is present. The growth on this me­
dium is not so vigorous as that on media containing a small amount of 
dextrose. 
On poured plates of neutral potato dextrose agar, the colonies show 
more vigorous growth than upon any other medium. The colonies are cir­
cular, white, translucejit, shining, raised and generally possess a more or 
less definite, darker center. The colonies appear on this medium ^vithin 
24: to 48 hours. The color of the medium remains unchanged and no odor 
is present. 
On poured plates of crj^stal violet bile agar at room temperature, the 
colonies appear within 48 hours. The growth on this medium is more 
abundant than that on beef agar. The colonies are cicular, raised, trans­
lucent, white, shining and possess a more or less definite darker center. In 
this and other media, the buried colonies are lens-shaped, white and re­
main small until they reach the surface. The color of the medium rem-ains 
unchanged and no odor is present. 
On agar slants. Cultures were streaked on neutral potato dextrose 
agar and readings recorded after 48 hours. All the cultures gave a 
white, glistening, smooth, non-chi-omogenic, translucent, filiform and good 
growth, with the medium unchanged. However, the following differences 
in the growth of the cultures were noticed: cultures numbers 121 and 50 
gave less abundant growth than the others. 
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Gelatin liquefaction. Frazier's (7) method of qualitative determina­
tion of proteolysis was used. The medium consists of 1.5 per cent agar, 
0.4 per cent gelatin, 0.1 per cent peptone and 0.2 per cent dipotassium 
phosphate. After a good growth of the organism has been secured, one of 
the two plates is flooded v/ith an acidified 1-5Q0 aqueous solution of mer­
curic chloride. A clear zone around the colony indicates liquefaction of 
the gelatin. The other plate is flooded TOth one per cent tannic acid solu­
tion and if liquefaction has taken place a clear halo forms imjnediaxel}' 
surrounding the colonj^ with a striking, white, precipitated halo sun-ound-
ing the clear area. Cultures numbers 121, 123, 139 and 162 showed charac­
teristic gelatin liquefaction in both plates, while all others gave negative 
results. 
Indol production. None of the cultures showed indol production after 
seven days when tested "v\ath potassium nitrite and sulfuric acid. Smith, 
Bro^vn. and Townsend (28) olatained slow indol production wth Pseudo-
monas tuviefaciens. 
Colin solution. The gro%vth in Cohn solution was very scant. Cul­
tures numbers 119 and 123 showed extremely poor groArth and with the re­
mainder the gro-wth was doubtful or absent. 
Uscliinsky solution. The gro\\i;h in this solution was little better than 
that in Cohn solution. The cultures num.bers 33, 162, 15, 133, 123, 27 
and 50 gave some gro\vth, though not abundant. The remainder of the 
cultures gave doubtful or very scanty growth. 
H-ion concentration. A series of tubes of beef peptone agar was ad­
justed with normal hydrochloric acid and sodium hydroxide to the follow­
ing pH values: nine, eight, seven, six and five. The pH values of the dif-
ferenfmedia were determined colorimetrically', comparing them with stand­
ard colors. To the medium of each pH series was added the indicator to 
note the change. The results of these trials are presented in table 2. Al­
though the data presented show that the organisms tolerate hydrogen-ion 
concentrations of five on the acid and nine on the alkali side, the maximum 
groMi;h was obtained when the m.edium was neutral. 
Thermal death poiyit. In detez-mining the thermal death point, a series 
of test tubes Avith walls of unifoi'm thickness containing five c.c. nutrient 
broth was exposed to temperatures of 55° and 65°C'. in a water bath. After 
the temperature of the medium had become constant, a loopful of the sus­
pension from a 24 hour peptone dextrose broth culture was transferred to 
these tubes without touching the sides and held at the specific tem.perature 
for 10 minutes. After the exposure the tubes were cooled at once and left 
at room temperature for four days. All cultures showed no growth after 
exposure at 55° and 65°C. This indicates that the thermal death point of 
the organism in question is beloAv 55°C. and that all are probably non-spore 
formers. Smith, Brown and Townsend (28) reported 51° C. to be the 
thermal death point of Ps. tumefaciens. while Walkden (30) found it to be 
46°C. 
Loeffler's blood serum. The cultures were streaked on standard Loeff-
ler's blood scrum, slants and kept at room temperature for 13 days. Gro\\'th 
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TABLE 2. Toleration of H-ion concentration by two strains of Pseudomonas tume-
faciens and 15 non-pathogenic organisms. 
pH range 
Culture 9 S 7 6 0 
E' *2—3 3 4 3 3 
15 2—3 3 4 3 3 
27 2—3 3 4 3 3 
33 2—3 3 4 3 3 
43 2—3 3 4 3 3 
50 3 3 4 3 3 
98 2—3 3 T 3 3 
116 2—3 3 4 3 3 
119 2—3 3 4 3 3 
121 2—3 3 4 3 1 
123 2—3 O 4 3 3 
130 2—3 3 4 3 3 
133 3 3 4 3 3 
139 2—3 3 4 3 3 
162 2—3 3 4 3 3 
174 2—3 3 4 3 3 
1080* 2—3 3 4 3 3 
*l=::seanty gro-\vtli 
2=fair groirth : . • ? i , 
3=me<iium growth . ' ii. 
4=good growth • I : 
* Strains of Ps. tumefaciens. ' . 
was fair, although it was not so good as that on potato dextrose agar. None 
of the cultures liquefied the medium, although the medium of culture 139' 
became drab in color. 
Hydrogen sulfide. The production of hj-drogen sulfide Avas tested in 
lead acetate agar poured plates, and the results were recorded after six 
days' incubation at room temperature, when a heavy groAvth of the organ­
ism was noted. All of the cultures produced slight blackening of the agar. 
Action on starch. All the organisms, after four days' gi-o\vth, gave the 
medium a dark blue color when flooded Avith a saturated solution of iodine 
in 50 per cent alcohol, indicating that there had been no diastatic action on 
the starch. Smith, Brown and Townsend (28) reported that the diastatic 
action of the crown gall pathogen was feeble or absent. Walkden (30) 
also reported the pathogen attacking starch feebly. 
Litmus milk. Cultures numbers 162, (K), 121, 27, 123, 1080, 50, 15, 
174, 133, 130, 98, 33, 119 and 139 showed entire reduction of litmus and 
partial digestion of milk in one week. After standing another week num­
bers 162, 121 and 139 showed entire digestion of milk. Cheek tubes of un-
inoculated litmus milk showed no change during the entire period. 
Plain milk. As in the ease of litmus milk, a few minor differences be­
tween the various organisms were noted. All the cultures digested part of 
the plain milk. In cultures numbers 43 and 133 a slight pink tinge was 
noticed, Avhile number 15 was slightly lighter in color and 27 showed 
slightly darker color. Except for these changes in the medium, no sharp 
distinctions were noted among cultures of the different organisms. 
Reduction of nitrates. In triplicate trials using potassium nitrate 
broth none of the cultures reduced nitrate to nitrite. It may be mentioned. 
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here that c > • , numhers 27, 50, 43, 15, 174, 162, 98, (R), 119, 123 and 
139 have a ey to absorb NOo from the air so quickly that the suspen-
rjions turn p-i ive minutes after the additions of the test solutions. None 
of the eulturc..- produced gas. 
Beef hroth. All the cultures gave moderate gro^\'th with more or less 
floeculent sediment after the foiirth day. The following minor differences 
were noted: formation of a good pellicle was observed in cultures numbers 
139, 133, 15 and 50, while 1080, 174, (R), 98, 123, 121, 43, 130 and 162 
showed a very faint pellicle. All of them gave slight to moderate clouding 
upon shaking. 
Voges-Proskauer and methyl red tests. None of the cultures gave a 
positive test for acetyl methyl carbinol, which is typical of the Voges-Pros-
kauer reaction. All the cultures gave a negative reaction upon addition of 
the methyl red indicator. In these trials the methyl red reaction did not 
correlate with the Voges-Proskauer reaction. 
Oxygen requirements. The cultures were made on nutrient beef agar. 
Pyrogallic acid and sodium hydroxide Avere used to exhaust the oxygen 
from the tubes. The tubes were then kept at room temperature. Exapii-
nations made after four days showed no growth of any of the cultures, 
thus indicating that the organisms are aei'obic. After six days, the tubes 
were emptied of acid and alkali and kept for three more days at room 
temperatures for growth. All cultures showed some growth. These ex­
periments show that the organisms have a tendency to be aerobic, but they 
are not completely killed in the absence of oxygen within the time specified. 
Cellulose medium. In attempting to determine the taxonomic posi­
tion of these organisms the writer questioned whether or not they might be 
cellulose decomposers, which are generally inhabitants of soils and which 
resemble certain of the plant pathogens in many respects. 
A medium was, th-erefore, made in which the only carbohydrate sup­
plied was cellulose in the form of absorbent cotton. A trace of dipotassium 
phosphate and of fei-ric sulfate supplied the inorganic nutrients, which 
were added to a two per cent agar. The cultur'^s, which Avere streaked and 
incubated at room temperature for 27 days, showed no groArth, and no col­
oring of the medium occurred, indicating that these organisms are not cel­
lulose decomposers. RJiizohium leguminosarum Frank (the cheek) alone 
decomposed cellulose in 35 days Avhen Om.elianski's medium Avas used. Cel­
lulose decomposition began in the check cultures in about a Aveek from the 
day of inoculation. 
Froin the results of the morphological and cultural studies of these 
organisms, summarized in table 3, it is evident that the non-pathogenic 
forms are indistinguishable from the pathogenic strain of Pseudomonas 
tumefaciens. 
Carbon metabolism. To test for acid and gas production, one or more 
members of the monosaccharides, disacchai-ides, trisaccharides and poly­
saccharides in nutrient bouillon Avere used. Instead of the ordinarj- 'U 
tubes, a simpler and more convenient type of fermentation tube, consisting 
of a small test tube 0.5x5.0 cm. inverted Avithin a larger one, Avas employed 
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In almost all cases veiy good gro^vth occmTed in the media after three days. 
No gas was produced. 
Acid production from carbon compounds. To determine the produc­
tion of acids from, these carbohydrates, tAvo sulphonphthalein indicators, 
brom thymol blue and phenol red, were used. The iiidicators sei-s-e for a 
pH range of six to eight. With the addition of these indicators to the 
medium, slight amounts of acid or alkali produced by the organisms in 
sugar broths may be detected. 
None of the cultures produced both acid and gas after 14 daj-s, but 
most of them produced m^ore or less acid. The data on fermentation of 
the carbon compounds, dextrose, saccharose, glycerol, maltose, xylose, rham-
nose, raffinose, levulose, lactose, dextrin, mannitol, sodium citrate, sodium 
tartrate and salicin are presented in table 4. 
Bacterium coli, which produces gas and acid in all the sugars em.-
ployed, was gro^vn as a cheek. Wherever doubt existed as to the production 
of acid, a notation to this effect has been made in the table. Cultures 121 
and 123 are examples of this type. It is also true of these organisms that 
they produce •alkalinity in certain compounds, especially dextrin, raffinose, 
sodium citrate and sodium tartrate. 
AGGLUTINATION STUDIES 
Since the morphopoligcal and cultural tests did not give a clear cut 
difference between the non-pathogenic organisms and the two strains of 
Pseudomonas tumefaciens, chemical agglutination was tried as a possible 
means of differentiation. 
CHEMICAL AGGLUTIK'ATIOjSr TESTS 
It has been showTi by Berridge (1) that chemical agglutination tests 
were just as specilic as those in which serum was employed. In the light 
of her findings, chemical agglutination tests were made as a possible means 
of differentiating the fifteen non-pathogenic organisms from Ps. tume- . 
faciens. 
In the first trials, the non-pathogenic organisms Avere compared with 
five strains of Ps. tumefaciens in their reactions ^th AL (804)3 and 
Th (N03)4 (tables 5 and 6). In further trials (table 7), the chemical ag­
glutination tests were m.ade, employing 18 strains of the croAvn gall organ­
ism and one strain of B. radiohacter Beij.^ using Th (N03)4 . 
In making the antigen suspensions, sterile distilled water was used. 
After the addition of the antigens to the diluted chemical solutions, the 
tubes were shaken well and incubated at 37.5°C. for two hours, after which 
the preliminary^ results were recorded. After leaving the tubes at room 
temperature for two hours longer, the final data, which are presented in 
tables 5 and 6, were recorded. 
In the following tables, the figures 0, 1, 2, 3 and 4 represent the degree 
of agglutination; 0 shoAving no agglutination, 1 slight agglutination, 2 me-
^This culture of Bacillus radiohacter Tvas obtained from the Soils Department' of Iowa 
State College through the courtesy of Dr. F. B. Smith. 
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ditim agglutination, 3 almost complete agglutination though the liquid re­
mained slightly cloudy and, 4 complete agglutination, the supernatant 
liquijd remaining quite clear. 
The data show that the agglutination titre in Th (NOa)^ is much 
higher than that in AL (804)3 • However, no major differences between the 
cultures are brought out by either of the salts. 
Chemical agglutination tests using Th (NOs)^ were also made with 18 
viralent strains of the crown gall pathogen obtained from various plants 
and one strain of B. radiohacter. The results presented in table 7 support 
the conclusions reached before, namely, that chemical agglutination tests 
are, at best, a poor means of differentiating one strain from another. It is 
true that only known substances are dealt with in chemical agglutination 
and that there is no such complexity present as in the case of immune sera. 
Thus, while the results presented indicate a close physiological relationship 
between several non-pathogenie organisms and strains of the ero^vxL gall 
organism, yet these tests failed to differentiate the non-pathogenic organ­
isms from Pseudomonas timiefacietis. This led to serological agglutination 
studies. 
SEKOLOGICAL AGGLUTINATION TESTS 
Since the chemical agglutination tests were inadequate for differen­
tiating the pathogenic strains of Ps. tumefacieyis irom non-pathogenie or­
ganisms, further tests were made with immune sera. Serum agglutination 
tests for differentiating types of diseases and bacterial species have been 
extensively employed in bacteriology. Such tests have been recently em-
ployd in plant pathology by Paine and Lacey (17), Goldsworthy (8), Link 
and Hull (14), Link and Sharp (13), Sharp (27) and others. Therefore, 
use of such a means of differentiation was made in these' studies. 
Paine and Lacey (17) tried to differentiate Bacillus latlujri M. & T., 
Pseudomonas pliaseoli Sm. and Bacterium miclviganense Sm. by serological 
agglutination tests. The first two organisms showed only group agglutina­
tion and Bact. micliiganense failed to produce im.mune serum. However, 
they concluded that these organisms could be separated by agglutination 
tests. Lacey (11) and Berridge (1), working with serum and chemical 
agglutination, respectively, of three plant pathogenic bacteria. Bacillus 
carofovonis Jones, B. solanisaprus Harrison and B. atrosepticus Van Hall, 
found enough differences among the species to separate them by these tests, 
and have shown that chemical agglutination in these cases is just as reliable 
as serum, agglutination. 
Doidge (4) fotind that the immune serum produced against Pseudo-
moms citrimaculaois Doidge, agglutinated its homologous strain to a titre 
of 1-2000. Sharp (27) working with the three morphologically similar 
oi-ganisms, Ps. flaccumfaciens Hed., Ps. pliaseoU Sm., and Ps. pliaseoli 
sojen.se Hed., found that these organism-s could be distinguished by means 
of serological agglutination tests. Link and Sharp (13) demonstrated that 
Ps. campestris (Pajn.) Sm., Ps. pliaseoU, Ps. pliaseoli sojense and Ps. flac­
cumfaciens could be differentiated by serological agglutination tests, al­
though these organisms are closely related to each other. 
Goldsworthy (8) applied the agglutination tests in identifying the 
cauliflower spot disease organism, Ps. maoulicola MeC. when isolated from 
TABLE 5. Clu'inical agglutination tests using Th(N03)4 against 15 iion-patliogenic organisms anil two strains of Pscudomonas iumc-
facicns. 
Ciiltuio 
No. 
Aifglutiiiatioii litre 
Original 
host 
Patho­
genicity 
on toma­
to ijlants 1-10 1-20 1-40 1-80 1-100 1-320 1-C40 1-1280 1-2500 11-5120 1-10240 Ck. 
K* •1 4 4 4 4 4 4 4 3 1 — Kasjiborrj' 
in 4 4 4 4 4 4 3 3 2 1 — ]lcan — 
27 4 4 4 4 4 4 4 4 3 2 1 • — Apijlo — 
(I'( 4 4 4 4 4 4 o 2 2 1 — Pcaeh —• 
.i:! 4 4 4 4 4 4 3 3 2 — — Apple — 
50 4 4 4 4 4 4 3 2 2 1 — } )  — 
i)8 4 4 4 4 4 3 3 3 2 1 — » 
lUi 4 4 4 4 4 4 3 2 3 1 — — } }  — 
11!) 4 4 4 4 4 4 4 3 3 1 — — ) )  — 
1:^1 4 4 4 4 3 3 2 2 — — — ) }  — 
J-;:! 4 4 4 4 4 4 3 2 1 — — ) }  — 
i;io 4 4 4 4 4 4 4 4 3 o — — ) )  — 
333 4 4 4 4 4 4 4 3 3 3 1 — > f  — 
J3i) 4 4 4 4 4 4 3 3 2 2 — )> — 
102 4 4 4 4 4 4 4 3 3 2 1 — — 
174 4 4 4 4 4 4 3 3 2 1 — — f )  — 
losn-* 4 4 4 4 4 4 4 3 3- 2 1 — Almond 
5! la* 4 4 4 • 4 4 4 4 4 4 3 1 — Rose + 
1M2* 4 4 4 4 4 4 4 3 3 2 1 — Pruiius + 
374* 4 4 4 4 4 4 4 3 3 1 — liumox 4-
"Strains of Vs. lumcfacicns. 
to 
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fnoicns. 
Ciilturo 
No. 
Agglutination titro 
Original 
host 
Patho­
genicity 
on toma­
to plants 1-10 1-20 1-40 1-80 1-lGO 1-320 1-G40 1-1280 1-2560 11-5120 1-10240 Ck. 
n* 4 •1 4 4 4 4 4 4 2 ] — — Haspborry + 
If) 4 4 4 4 4 4 4 3 2 1 1 •— Bean — 
27 4 4 4 4 4 4 4 3 1 1 — — Apple 
:i3 4 4 4 4 4 4 4 2 — — — Poach — 
43 4 4 4 4 4 4 4 4 2 — — — Apple 
50 4 4 4 4 4 4 3 1 — — — )> — 
!)8 4 4 4 4 4 3 3 — — — — — 
no 4 4 4 4 4 4 3 2 1 — — — — 
119 4 4 4 4 4 4 3 2 1 — — — It — 
.121 4 4 4 4 4 3 2 2 2 — •— — » — 
12:! 4 4 4 4 3 3 3 2 1 — — — }}  — 
130 4 4 4 4 4 4 3 3 1 — — — }}  — 
133 4 4 4 4 4 4 3 1 — — — }> — 
13!) t 4 4 4 4 4 4 3 2 — — • — )>  — 
102 4 4 4 4 4 4 3 1 — — — }}  — 
]74 4 4 4 4 4 3 2 1 — — — ) }  — 
lOSO* 4 4 4 4 4 4 4 2 — — — Almond 
511a* 4 4 4 4 4 4 3 1 — — — Roso + 
1142" 4 4 4 4 4 4 4 3 1 — — — Pninus 4-
374* 4 4 4 4 3 3 3 2 — — — — Kumcx + 
'Striiiiis of P.t. tumcfacicns. 
TABLE 7, Chcmical agglutination tests using Th(N03)i against 18 virulent strains of Pscudomonas tumcfaciens and one strain of 
Bacillus radiohactcr. 
Culturo 
No. 
Agglutination title Original 
host 
Pathogenicity 
on tomato 
plants 1-200 1 1-400 1-800 1-lGOO 1-3200 1-0400 1-12800 1-25G00 Ck. 
A 4 4 4 4 4 3 1 — — A])i)lc + 
13 4 4 4 4 4 2 — — •— + 
1171 •i 4 4 4 4 3 — — — Tioso + 
R 4 4 4 4 4 3 1 — — Haspbyrry + 
1071 4 4 4 4 4 3 — — Peaeh 4" 
1110 4 4 4 4 4 1 — — — Apple + 
1212 4 4 4 4 4 3 — —• — Qoniniuni + 
1215 4 4 4 4 4 3 1 — — Apple + 
1210 4 4 4 4 4 3 — — — » + 
1218 4 4 4 4 4 3 1 — ~ II + 
1219 4 4 4 4 4 3 — — — Peach + 
1220 4 4 4 4 4 3 1 — — AVahiut + 
1221 4 4 4 4 4 3 — — — Aijple + 
1223 4 4 4 4 4 4 1 — — ]?ose + 
1224 4 4 4 4 3 2 1 — — Kaspberry + 
1225 4 4 4 4 4 2 1 — — Prunus + 
1226 4 4 4 4 4 2 2 — ~ Raspberry + 
1228 4 4 4 4 4 2 1 — — Incensc + 
B. radio- Cedar 
hiwtcr 4 4 4 4 4 3 2 1 ~ 
— 
— 
to 
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the soil._ He eoneluded that organisms -tt-hieh appeared identical on plates 
and which gave the sam.e agglutinating titre against immune serum as the 
pathogen are identical species. No inoculation tests "with such organisms 
were made to prove their pathogenicity. 
Friedemaiin and Magnus (5) obtained numerous strains of bacteria of 
intestinal and other human diseases which wez'e identical eulturally and 
serologically mth Ps. timefaciens. Friedemann (6), however, showed in a 
later publication that only one of the numerous identical strains was patho­
genic to plants. 
Brooks, Nain and Hhodes (3), working on serum agglutination of 
several phytopathogenie bacteria, found that three strains of Ps. tume-
faciens were quite similar, but the daisy strain produced acid in glucose 
and saccharose, while the other two strains had no effect on these sugars. 
They found that these three strains of Ps. tumefaciens were non-motile and 
did not liquefy, gelatin. Furthermore, they showed that these reactions 
were identical Avith those of Bacillus airosepticiis and that the serum pro­
duced from the latter agglutinated Pseudomonas tumefaciens (hop strain) 
to quarter titre. 
Jensen (10) reported that the strain of the crown gall organism iso­
lated from a tumor on a species of ehiysanthemum in Denmark resembled 
the American strain isolated from Clirysantlienmm fnctescens L. morpho­
logically and culturally, but they differed serologically in that cross ag­
glutination was not possible. However, the serum agglutinated its homo­
logous strain, that is, the Amez-ican strain was not affected by the serum of 
the Danish strain and vice A^ersa. 
Link and Hull (14), working with three plant pathogens, Pseudomonas 
tumefaciens being one of them, showed that the crown gall organism agglu­
tinates spontaneously in distilled water and in 0.85 per cent saline solution. 
Riker (19) found that the immune rabbit serum produced against 
Ps. tumefaciens agglutinated the pathogen up to and including 1-3000 
titre. He found no serological identity between the crown gall pathogen 
and the legume root nodule bacteria. 
Serological trials. Injections of a suspension of a 24 hour culture of 
one non-pathogenic form and one pathogenic strain of Ps. tumefaciens 
grown on neutral beef agar were made at weekly intervals into a rabbit. 
The suspension was made by washing the organism from the agar slants 
TOth 0.S5 per cent saline solution. With one exception, all injections were 
made intravenously. The last and sixth injection was made intra-peri-
toneally. The weekly doses Avere given in the order of 0.5 c.c., 1 c.c., 2 c.c., 
3 c.c., 5 c.c., and 5 c.c. Ten days after the last injection, the animals were 
bled from the heart and about 30 c.c. of blood was obtained. After clotting 
of the blood had taken place, the entire content of the tube was centrifuged 
at a high speed for 15 minutes. The clear serum was then transferred 
aseptically to sterile serum bottles and carbolic acid was added as a pre­
servative in the proportion of 0.1 c.c. of five per cent carbolic acid to each 
c.c. of the serum. The serum, when not in use, wa,s kept in the ice box. 
For the agglutination tests, 24 hour cultures grown on neutral beef 
agar, were washed in 0.85 per cent saline solution to which 0.4 per cent 
carbolic acid Avas added. The carbolic acid, while preventing further 
groAvth, in no way hindered the agglutinating power of the sera used. The 
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stock suspensions of the organisms were made so as to obtain the same 
turbidity -as far as possible. Turbidity of the antigens was determined 
maeroscopieally by holding the bottles against a glass window. Only anti­
gens of equal turbidity were used during the experiments. Stock antigens 
were not used after 10 days from the time of their preparation, thus avoid­
ing any discrepancies that might possibly ai'ise due to settling. Fifteen 
non-pathogenic organisms, twenty-three sti'ains of Ps. tumefacie'ns (cul­
tures obtained from different hosts or from the same kind of host at dif­
ferent times) and one strain of the organisms, RMzohium leguminosarum 
and Bacillus radiohacter were used. In running the agglutination tests, 
dilutions of 1 in 100, 1 in 200, 1 in 400, 1 in 800, 1 in 1600, 1 in 3200, 1 in 
6400, 1 in 12,800 and 1 in 25,600 were made. A check tube of stock sus­
pension of organisms was always used for each organism. This technique 
was followed throughout the agglutination tests, even though none of the 
organisms was found to be agglutinated spontaneously. The dilutions of 
sera were made in large bottles, each containing variable dilutions from 1 
in 50 to 1 in 12,800, so that when % c.c. of this diluted suspension was added 
to % c.c. of the stock antigen, the dilution in the agglutination tubes be­
came 1 in 100 to 1 in 25,600. 
After the distribution of the antigen, the tubes were well shaken so 
that even distribution of the antigen and serum was obtained. The tubes 
were then placed in incubators at 37.5°C. for two to three hours, after 
which they were removed and the preliminaiy readings were taken. The 
tubes were then left at room temperature over night so that the final results 
were recorded after 18 hours or more. The results reported in this paper 
represent the readings after 18 hours, although no marked change from 
the preliminary readings was observed. 
The serum of a normal rabbit was also tested Avith the cultures, but 
no agglutination at dilutions of 1 in .100 and upwards was observed. The 
results of the serum agglutination tests are presented in tables 8 and 9. 
The data presented in tables 8 and 9 seem to indicate that both the 
sera produced against the non-pathogenic organisms and the strains of 
Pseudomonas tumefacie^is are' specific for their homologous antigens, in 
that they both yielded supernatant clear liquid upon agglutination. How­
ever, when these sera were interchanged, the agglutination index was not 
so high as when the homologous antigens were used. This is also true for 
eight other antigens of the non-pathogenic organisms (27, 43, 50, 98, 116, 
139, 162 and 174). In other words, no clear cut difference bet\veen these 
eight antigens of the non-pathogenic organisms and one heterologous strain 
(which may include Ps. tumefaciens or the non-pathogenic organism) was 
obtained in these tests. At the same time, six other non-pathogenic organ­
isms (33, 119, 121,- 123, 130 and 133) did not yield to agglutination tests, 
thus differentiating them from the others. The data would have been regu­
lar if only one strain of Ps. tumefaciens had been employed in these studies. 
In that case the non-pathogenic organisms could have been separated into 
three classes, namely, (1) a homologous strain Ps. tumefaciens (Easpberry) 
or 15 (non-pathogenic) 'giving complete agglutination, (2) eight other 
strains which gave agglutination though not of the same index as (1), 
and (3) six strains which were non-agglutinable. Agglutination tests 
were also made with a rough strain (R—1) of Ps. tumefaciens origi-
\ 
TABLE 8. Agglutination tests using Pseuilomonas tumefaciens (naspbcrry strain) antiserum against 15 non-pathogenic organisms, 
ciglit strains of Pseiulomonils tumcfuciens and one strain of Ithizobium Icgiiminosanim and Bacilhis radiohaotcr. 
Cultnro 
No. 
Agglutination titro 
Original 
host 
Patlio-
geiiicity 
on toma­
to plants 1-100 1-200 1 1-400 1 1-800 1-lGOO 1 1-3200 1-0400 M2800 1-25000 Gk. 
J{* 4 4 4 4 3 3 3 2 — — Raspberry + 
15 3 3 3 3 3 2 2 2 — — Bean — 
27 3 3 3 3 2 2 2 2 — — Applo — 
33 — — — — — — — — — — Peach •— 
43 3 3 3 3 3 2 2 1 — — Applo — 
50 3 3 3 3 3 3 2 1 — — i) — 
98 4 3 3 3 3 3 2 1 — 
116 3 3 3 2 2 2 1 •— — — ) )  — 
110 — — — — — • — — — — — }f — 
121 —• — — — — — — — if — 
> 123 — — — — — — — — » — 
130 — — — — — — — ~ — — } }  — H W 
133 — — -—> — — — — — — ) )  — 
139 3 3 2 3 3 3 2 — — — ) }  — 
102 3 3 3 3 3 2 2 — — ) )  — 
174 3 3 3 3 2 1 — — •— — ) )  • — 
1080» — — — — — —. .— —. „ • — Almond -H 
A-* — — — — — — — — — — Apple 4-
B* — — — — — — — — — — 4-
C* — — —, — — — — — — ) )  + 
1102* — — — — — — — I?oso 4* 
R-1* 3 3 3 3 3 2 2 — — — I?aspberry 4* 
Slla' — — — — — — — — — — Rose + 
J{. ler/umiiiosanim —• — — — — — __ — — — Pea — 
11. radiohaclcr 3 3 3 3 3 3 2 •— — — — — 
*Strains of Ps. iuinefaciens. 
1 
TABLE 9. Agglutination tests using non-patliogenic organism (cnlturo 15) antiserum against 15 non-pathogenie organisms, eight 
strains of Pscudomonas tumcfacicns and one strain of Bacillus radiobaclcr and JlJiizohium Icfjumiuosarum. 
Patho­
Culturo 
Agglutination titro genicity 
Original on toma­
No. 1-100 1-200 1-400 1-800 1 1-1000 1-3200 1-0400 1-12800 1-25000 Ck. host to plants 
K* 3 3 3 3 S 2 2 — — Kaspberry + 
15 4 4 4 4 4 3 3 1 — •— Bean — 
27 3 3 3 3 3 • 3 2 — — — Apple — 
33 —• —• — — — — —- — — •— Peach — 
4.1 3 3 3 3 3 2 2 — — — Apple — 
50 3 3 3 3 2 2 2 — — — i} — 
98 3 3 3 3 3 2 2 1 — — ) )  — 
110 3 3 3 2 2 1 1 — — — } )  — 
119 
121 
12.3 
— — •—• —• — — 
— »  
} }  
— — — — — — — 
— 
— 
V " 
130 
133 
139 
•— — —• •—• — •— 
z 
— 
•— 
)} 
if 
3 2 3 3 2 2 1 - — }i -
102 3 3 3 3 3 2 2 -- — — } }  
174 3 3 3 3 2 1 — — — — if 
1080* — — — — — — — — — — Almond 
A* —• — — — — — ~ - - — — Apple + 
B* — .—. — — •—. — — — .— 
-f 
G* — — — — — — — — — » + 
374* — — — — — — — — — Rose + 
(IM)" 3 3 3 3 2 2 1 — — Raspberry + 
Sllii* — — — — —• — — — — Rose + 
Ji. radiobaclcr 3 3 3 3 3 3 2 „ . — — — — 
It. leguminosarum 
— — — — — -- — 
— — Pea — 
*Strains of Ps, Umcfacicns, 
to 
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nally isolated from, raspberry, but -whieli had been passed many times 
through tomato and Bryophyllum calycinum Salisb., with Bacillus rahio-
bacter and with Bliizolium leguminosarum (Pea). The rough strain of 
Ps. tumefaciens and B. radiohacter yielded the same agglutination index 
as the eight non-pathogenie organisms, thus showing that these nine non­
pathogenic organisms when tested against the original raspberry strain 
gave an agglutination index which was closely correlated with the rough 
pathogenic strain of Ps. tumefaciens. Three strains of Ps. tumefaciens ob­
tained from apple galls, two obtained from- rose and Rli. leguminosarum 
gave no agglutination with both sera. Thus, difEcrences aven among the 
strains of Ps. tumefaciens are obtained. The explanation of the variability 
in the agglutinability of Ps. tumefaciens might be that the cro-\vn gall 
organism shows strain specificitj', and that agglutination tests for the iden­
tification of this pathogen can not be solely relied upon. The conclusions 
from such tests in the identification of cro-vsm gall organisms might be mis­
leading. Eiker (19) and Link and Hull (14), who have employed sero­
logical tests with Ps. tumefaciens, used only the homologous antigens and 
consequently obtained positive results similar to those shown in tables 
8, 9 and 10. 
Jensen (10) was the first investigator to show that the serum obtained 
from one strain of the pathogen did not agglutinate another strain ob­
tained from the same kind of,host but in a different locality. The possi­
bility, therefore, should not be ignored that the same gall maj- harbor 
many strains of Ps. tumefaciens and that the various colonies obtained in 
isolations from the gall might give different agglutination reactions. Bialo-
suknia and Klott (2), Stevens (29), Wright (31) and others have shown 
that one leguminous plant may harbor organisms possessing different sero­
logical properties. The crown gall organisms might be in the same cate­
gory, in that the raspberry gall might harbor its own strain or the chrys­
anthemum strain or both. 
It is also brought out in the serum agglutination tests that the strains 
shown to be identical by means of chemical agglutination tests are no: 
necessarily identical when tested serologically. Had reliance been placed 
only upon chemical agglutination, no differences between the non-patho­
genic organisms and the strains of Ps. tumefaciens could have been demon­
strated. The results of the present investigations support the work of 
Jensen (10) and further show that the organisms may be similar morpho­
logically and culturallj", but "different serologically. 
The data also indicate that positive agglutination does not always 
mean that the strains or cultures are pathogenic, and at the same time a 
negative outcome does not necessarily mean that the cultures are non­
pathogenic. This fact is brought out from the data presented in tables 8, 
9 and 10. The results indicate that the identification of a culture should 
not be based upon agglutination tests alone, but susceptible hosts should 
be inoculated to verify pathogenicity of doubtful cultures. 
It was brought out in the data presented in tables 8, 9 and 10 that the 
immune serum produced against Ps. tumefaciens (raspberry strain) failed 
to agglutinate the strains of the organism obtained frbm other hosts, 
namely, apple and rose. Further trials were, therefore, made to find out 
if this reaction of the serum would be maintained against other strains of 
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the pathogen obtained from hosts such as peach, {Primus persica Sieb. 
and Zurce.), Prunus sp., geranimn {Pelargonium liortorum BailejOj apple 
{Pyrus maldis L.), walnut {Juglans nigra L.), incense cedar {Lihocidms 
decurretis.Tovv.) and rose {Rosa odorata SAveet). It was also shown bv 
mear^s of chemical agglutination tests (tables 5, 6 and 7) that all the strains 
of Pseudomonas tumefaciens and the 15 non-pathogenic organisms were 
identical in their reactions. Agglutination tests were, therefore, made 
upon 15 pathogenic strains against an immune serum produced with the 
pathogenic raspberry strain (R). The results of this trial are given in 
table 10. It will be seen from this table that the immune serum of Ps. 
tumefaciens (Raspberry) failed to agglutinate aU other strains of the 
crown gall pathogen, thus showing again that the croAvn gall bacteria ex­
hibit strain specificity and that the identification of the organism by means 
of serological agglutination tests might give erroneous results. 
It is also brought out in this table that the passing of the raspberry 
pathogen (culture 1224) through a willow {Salix babylonica L.) in this 
ease did not materiallj^ change the agglutinating capacity of the culture. 
Whether more passages through this host or some other host v/ould have 
brought about a more decided change in the agglutinability of the organ­
ism, or whether such changes occur in nature are not definitely kno^TO at 
present and need further studies. 
MAINTENAlS'CB OF STEAIN SPECIPICITT 
The results of the serological tests presented in tables 8, 9 and 10 indi­
cated that the strains of Pseudomoms tumefacieiis showed specificity, and 
that this could not be relied upon as a means of identifying the causal 
organisms obtained from various hosts. The question arose as to whether 
or not the passage, thi-ough a susceptible host would bring about any 
changes in the original specificity of serological reaction. Since the strains 
of Ps. tumefaciens exhibited specifiicity and since they were pathogenic on 
tomato plants, attempts were made to find if the passage of the various 
strains through this host would bring about any closer relations in sero­
logical response. 
Tomato plants were therefore inoculated with 11 strains of Ps. tume­
faciens. The stock culture of Ps. tumefaciens (R strain) Avas also inocu­
lated int(5 tomato, Lycopersicon esculenium jMill., Bryophylluvi calycinum 
Salisb., and sugar beet. Beta vidgaris L. Isolations were made from the 
galls after 30 days from the day of inoculation and the colonies resembling 
the ciwvn gall pathogen were streaked on agar slants. These colonies were 
inoculated into tom.ato plants to prove their pathogenicity. Such patho­
genic strains reisolated from the galls on tomato plants, Bryopliylhm 
calycinum and sugar beet, were used in agglutination tests against a rabbit 
immune serum produced from Pseudomonas tumefaciens (R strain). The 
technique employed in the serum agglutination tests was the same as pre­
viously described. The results of these trials are given in table 11. 
It will be seen from the above table that all the strains except the 
original Ps. tumefaciens (R strain) failed to be agglutinated. This shows 
that a passage of these strains through a common host did not change the 
specificity of reaction of the organisms. At the same time, the original 
raspbei'ry strain (R) when passed through tomato, Bryopliylhim calycinum, • 
C£> O 
TABLE 10. Agglutination tests using Pscudomonas Umcfacicns (strain K) antiserum against 15 other strains of the crown gall 
organism. 
Culture 
No. 
Agglutination titrc Original 
host 
Pathogen­
icity on to­
mato i)lants 1-100 1-200 1-400 1-800 1 1-1600 1-3200 1-0400 1-12800 1-25GOO Ck. 
M 4 4 4 4 3 3 2 1 — — Raspberry + 
1071 — —• — — — — — — — Peach + 
11J0 ~ — — — — — — — — Api)lo -f 
1212 — — — — — — — — — — Ger.mium 4-
1215 — — — — __ — . — — Applo + 
121G — —- — — — — — — — ) )  -\r 
1218 — — * — — •—• — — — — — ) )  + 
1210 — — — — — — — — •—• — Peach + 
1220 — — . _ — — — — — — — Walnut + 
1221 - - — — — — — — — — — Applo + 
1223 — — — — — — — — — — Hose 
1224 4 4 3 3 3 2 o 1 — — Paspbcrry* 
Willow 
1225 — — — — — — — — Prunus + 
122G — — — - __ — — ~ — — Kaspbcrry 4-
3 227 — — — — — — — — — — Apple + 
1228 — — — — — — — — — — Incenso + 
Cedar 
*CuUuve 1224 was rcisolatcd from a gall on weeping AviUow induecd by artificial inoculation -Nvith culture B, 
TABTJR 11. liJiTcct on tlio ngglutiii.nbility (using Ps. iumcfacicns (II strain) nntiseruni) of 14 strains of Pscudomonas iiuncfacicns 
when passed through host plunts other than the original. 
Culture 
No, 
Original 
host 
Pathogenic 
on 
Pathogen 
icity of 
roisolated 
colony 
Agglutination titre 
Ck. 1-100 1-200 1-400 1-800 1-1000 1-3200 1-G400 1-12800 1-25G00 
1071 Poach Tomato + — •— — — — •— •—. — — — 
1212 Geranium » + 
1215 Apple + •— •—• •—• — — — — — — — 
1216 i ]  » H-
1218 » f f  + 
1219 Poach )> + 
1220 Walnut r f  + •— .— •— — — — — — — — 
1221 Apple f )  + 
1225 Prun\i3 f }  + 
1228 Incense cedar V  + 
K Raspberry ) f  + — 4 4 4 4 4 3 2 — — 
K. ) )  Bryophylliim + — •1 4 4 4 4 3 3 — — 
j f  Sugar beet + •—• 4 4 4 4 3 3 3 .—. — 
I I  
— 
+ 
— 
4 4 4 4 4 3 3 1 
— 
tN3 
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and sugar beet plants was not altered in its agglutinability when tested 
against Pseudomonas tximefaciens (R strain) immune serum. It seems 
evident from these data that the strains of Ps. tumefaciens possess a defi­
nite specificity which Avas not changed by growth for 30 days within a 
susceptible host. The writer is not prepared to say whether or not these 
strains would exhibit any modification in specificity if allowed to gi-ow in 
a common host for more than 30 daj's. 
Goldsworthy (9) has recently shoAvn that the sera produced against 
two morphologically and biochemically identical organisms causing gum-
mosis of stone fruit trees were specific and that his Ps. cerasus No. 28 
could not be cross-agglutinated by Ps. cerasus No. 29 and vice versa. This 
is in harmony with the liter's findings upon Ps. tumefaciens in that the 
organisms may be identical morphologically and yet show specificity in 
immime serum agglutination tests. Goldsworthy (9) notes that many of 
our plant pathogenic bacteria closely resemble each other, not only in dis­
ease m.anifestation, but in their morphological and biochemical character­
istics. Antisera might be used to advantage in' identification. Such a 
means of identification would hasten the determination of pathogenicity 
over the old method, i. e. infection experiments. He states that "On the 
successful inoculation rests the fate of many isolated organisms. Success­
ful inoculations are rather rare in comparison ivith unsuccessful. . . . 
The use of a highly potent antiserum should eliminate a great deal of the 
inoculation work and inconsistency in results." From the results (table 
12) obtained Avith Ps. tumefaciens, it appears that infection experiments 
would be more reliable than serological agglutination tests (tables 8 and 9) 
in the identification of the organisms. 
If Goldsworthy (9) had obtained only one immune serum, that for 
Ps. cerasus No. 28, he would have discarded all cultures of Ps. cerasus No. 
29 as non-pathogenic. However, properly controlled inoculation experi­
ments should lead to the correct determination of the pathogen. Othenvise, 
it would be necessary to prepare innumerable sera for the identification of 
the suspected organisms. 
It is also shoAvn in this paper (table 12) that the non-pathogenic cul­
tures consistently gave negative results when inoculated into numerous 
hosts while the strains of Ps. tumef aciens except in one case always produced 
infections. If the separation of these strains of Ps. tumefaciens from the 
non-pathogenic organisms had been based entirely upon their agglutin-
ability, a greater part of the pathogenic cultures would have been taken as 
non-pathogenic oragnism.s and vice versa. Thus the results tend to show 
that the inoculation of suspected cultures furnishes a more reliable criterion 
of their pathogenicity than agglutination tests alone as now employed. 
INFECTION EXPERIMENTS WITH STRAINS OF 
PS. TUMEFACIENS 
Previous infection experiments had determined the fact that certain 
strains of Ps. tumefaciens were pathogenic while the 15 organisms resem­
bling Ps. tumefaciens were non-pathogenic upon tomato plants. However, 
it seemed possible that by extending the host range, some plants might be 
found which would be infected by certain of these organism.s previously 
considered non-pathogenic. 
a 
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Since tomato plants are easily groA\Ti and are accessible at all times \ 
of the year, they were used in numerous inoculation trials. In addition, 
the host range was extended to include weeping willow {Salix labylonica 
L.), castor bean (Eicinus communis L.), alfalfa {Medicago sativa L.), life 
plant {BryopJiyllum calycinum- Salisb.), oleander (Neriuvi oleander L.), i 
raspberiy {Riibus occidentalis Jj.), apple {Pyo'us malus L.), garden pea | 
{Pisum sativum h.), SiV.d. svi'eat {Lathyrus odoratus h.). Thus the re- j 
suits of the inoculation experiments on the above hosts may be considered ! 
indicative of the reaction of the 15 non-pathogenic organisms reported in 
this paper. 
Using 24 to 48 hour cultures of the organisms gi-own on neutral potato 
dextrose agai*, inoculations were made into the above mentioned hosts. The 
plants were placed three to five inches apart, kept in a moist cham.ber from 
! four to six days and were watered individually for a few days after trans-
! ferring to the greenhouse bench. This was done to avoid accidental infec-
I tion by splashing of the organisms from one plant to another as shown by 
I Eiker and Keitt (24). Care was taken during the experiments to keep the 
plants in a vigorous growing condition. Numerous trials were made and in 
no ease were the data recorded until after six weeks from, the date of inocu­
lations. The results of these trials are presented in table 12. The data 
presented in table 12 indicate that Pseudomonas tumefaciens (E strain) 
successfully produced galls in all cases on host plants belonging to 10 
species in 10 genera. The exception was the culture number 1080. This 
culture had remained virulent for over two years when grown on neutral 
potato dextrose agar. However, the transfer of this culture made for 
I general use, which we will designate as culture number 1080 N, was found i 
> to be non-pathogenic in February, 1927. Due to the possibility of this be- j 
j ing caused by contamination, a fresh transfer from the stock culture (1080) | 
\ was made Febraarj', 1927, and proved pathogenic on tomato plants. The S 
I latter transfer was designated as number 1080-0. Culture number 1080-0 : 
I lost its -varulence in about three months (May 30, 1927). None of these i 
: cultures, numbers 1080, lOSO-N and lOSO-0, showed contamination in re- 5 
; peated dilution plate trials. They displayed a close resemblance in every 5 
i respect to the other strains of Ps. tumefaciens. At the same time, the 15 j 
I non-pathogenic organisms yielded negative results on all the plants inocu- j 
! lated. Thus the results of these trials show that organisms which are alike | 
; morphologically, culturally and to a large extent serologically may differ j 
i markedly in their pathogenicity. l 
i DISCUSSION 
J The results of the foregoing studies on strains of Ps. tumefaciens and 
I cei-tain non-pathogenic organisms closely resmbling the cro^vn gall patho-
I gen, show striking similarities between the two groups. The question 
i arises as to the identity of the 15 non-pathogenic organisms isolated mainly 
from overgro\vths at the union of piece-root grafted nursery apple trees. 
Such oi'ganisms appear to be intimately associated with overgroAvths on 
I nurserj- apple trees. i 
I In their extensive isolation trials upon crown galls on various hosts, s 
Smith, Bro^Tn and To^\^lsend (28) also apparently found many organisms 5 
closely resembling Ps. tumefaciens which, upon inoculation into susceptible 
! 
i f 
M 
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TABIJE 12. Inociilntioii trials upon vnrious liosts witli 15 non-i)atliogcnic organisins aiid two strains of Pseudomonas tumefaciens. 
Kind of hosts 
Culture 
No. 
48 varieties 
of tomatoes 
Castor 
beans 
Apple 
seedlings 
Sweet 
peas 
Garden 
peas Oleander 
Bryo-
phylluin 
Easp-
berry 
Weeping 
willow Alfalfa 
K- + O-1 + + + + + + + + 
27 
43 
50 
98 
110 
110 
121 
123 
130 
133 
130 
102 
17't 
1080* 
— 
— — — — 
— 
— 
— — 
— 
— 
— — — 
— 
— 
— — 
— 
— 
— — — •— — — — — 
^Strains of Ps tumcfaoicns. 
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plants, either failed to produce infection or induced only small, slow-
groAving atypical hyperlasias. In the early stages of their work, such 
organisms were regarded as forms other than the crown gall pathogen. 
Later, however, they formed the hypothesis that certain of these organisms 
were non-pathogenic strains of Ps. timefaciens which, due to their o%\ti by­
products or those of the host tissue, had lost their virulence. Their hypo­
thesis was based primarily upon the fact that certain virulent strains of 
Ps. tumefaciens lost their pathogenicity after continued cultivation on 
artificial media. The writer has also reported a similar experience with one 
culture (1080). While loss of virulence is not infrequent when plant 
pathogens are grown on artificial media, there are no conclusive records 
of definite experiments leading to attenuation or enhancement of virulence, 
as is true of animal bacterial pathogens. 
In a previous publication (IS) the writer referred to certain bacterial 
organisms isolated from nursery soils as non-pathogenic strains of Ps. 
tumefacieiis. These were also non-pathogenic upon young tomato plants. 
Subsequent cultural and morphological tests of such organisms showed a 
striking similarity to certain soil organisms, especially B. radiohacter. It 
should be noted, also, in this connection that the strain of B. radiohacter 
used could not in every case be separated by serological or chemical agglu­
tination tests from either Ps. tumefaciens or certain of the 15 non-patho­
genic organisms, resm.bling the ero^\^l gall pathogen. It is, of course, 
common knowledge that B. radiohacter is a group species and, at present, 
poorly defined. Since these non-pathogenic organisms have so many char­
acteristics in common with B. radiohacter and since these organisms in turn 
so closely resem-ble pathogenic strains of Ps. tumefaciens, it is not impos­
sible that both Smith and the writer had B. radiohacter instead of non­
pathogenic strains of Ps. tumefaciens. 
The association of these non-pathogenic organisms with the over­
growths on the underground parts of the apple tree, their location in the 
convolutions of the overgrowi;h kno^vn to hold soil particles and their simi­
larity in morphology, cultural and serological reactions, point to their close 
relationship \vith certain soil bacteria. Further biological studies may 
bring to light other characteristic reactions, which will serve to separate 
Ps. tumefaciens from non-pathogenic organisms of close similarity. The 
criterion of pathogenicity of an organism is that it produce a specific 
disease, in this case, crown gall. The identity, therefore, of the causal 
organism freshly isolated from the gall is based upon its capacity to repro­
duce the original symptoms. Until some better means of differentiation are 
devised, it seems advisable to rely m.ainly upon the ability of the organism 
to produce galls as the chief mark of its identity as Ps. tumefaciens. In 
the light of our present Icnowledge, no characteristic of bacterial plant 
pathogens can be accorded greater species limiting importance than patho­
genicity. 
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SUiQIAEY 
llany noii-pathogenie bacterial colonies closely resembling Ps. tume-
faciens may be obtained in isolation trials on overgrowths at the union of 
piece-root grafted nurserj- apple trees. A critical study of 15 such non­
pathogenic organisms showed that they are similar to Ps. hmefaciens 
morphologically as well as in cultural and chemical agglutination reactions. 
WHle slight differences in cultural reactions were noted, these were not 
sufficiently marked to separate the non-pathogenic organisms from Ps. 
tumefaciens. Thus cultures numbers 121, 123, 139 and 162 liquefied gela­
tin; cultures 43 and 33 showed slight pink coloration of plain milk, while 
cultures 121, 139 and 162 alone com-pletely digested litmus milk in two 
weeks. In dextrin bi-oth cultures 121, 123, 133 and 174 and in raffinose 
cultures 121, 123 and 174 produced alkalinity. In maltose only culture 
121 produced alkalinity. In all cases the Voges-Proskauer and methyl red 
tests were negative. 
Serological agglutination tests using antiserum from a non-pathogenic 
organism divided the entire group of organisms tested into two. groups, 
those that did agglutinate and those that did not. In the first group are 
9 non-pathogenic organisms, Bacillus radiobacter and two strains of Pseudo-
monas tumefaciens. In the second group are six non-pathogenic organisms, 
six strains of Ps. tumefaciens and Rh. leguminosarum. In a like m-anner, 
antiserum from a strain of Ps. tumefaciens separated the 15 non-pathogenic 
organisms and eight strains of Ps. tumefaciens, RJi. leguminosarum and 
B. rodioiacter into two groups. Those that did agglutinate comprise 9 
non-pathogenic oganisms, two strains of Ps. tumefaciens and B. radiobacter. 
Those that did not agglutinate include six non-pathogenic organisms, six 
strains of Ps. tumefaciens and Rh. leguminosarum. Agglutination tests 
using either of the two antisera failed to separate the non-pathogenic organ­
isms from the strains of Ps. tumefadcns. Sei-um produced with the rasp­
berry strain of the crown gall organism did not agglutinate the strains iso­
lated from apple, almond, walnut, geranium, incense cedar and rose. Serum 
produced by a non-pathogenic organism (culture 15) agglutinated only 
eight other non-pathogenic organisms, B. radiobacter and one strain of 
Ps. tumefaciens. 
Passage of strains of Ps. tumefaciens through tomato plants did not 
affect the agglutinability of the organisms. 
Strains of Ps. txmefaciens consistently produced infection on plants 
of tomato [Lycopersicon esculentum Mill.), Bryopliyllum calycinum Salisb., 
oleander {Nerium oleander L.), garden pea {Pisum sativum L.), sweet pea 
{Latliyrus vdoratus L.), castor bean (Ricinus communis L.) and apple (Pj/-
rusmalus li.). 
The strains of Psexidomonas tumefaciens were separated from the 15 
non-pathogenic organisms studied only through their pathogenicity. 
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